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PROBLEM TO BE SOLVED: To provide a high-energy- 
density nonaqueous electrolyte secondary battery 
having high charge-discharge efficiency, and excellent in 
a capacity maintenance characteristic, a battery 
characteristic in a broad temperature range, and safety; 
and to provide an electrolyte used for it. 

SOLUTION: In this nonaqueous electrolyte prepared by ^, 
dissolving a lithium salt in a nonaqueous solvent, the 
nonaqueous solvent contains an aromatic compound 
expressed by formula I. R1 and R2 each independently 
form an alkyl group that may have a substituted group, 
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R2CH- has a substituted group. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 
[Claim 1] 

The nonaqueous electolyte which lithium salt is the nonaqueous electolyte which it comes to 
dissolve in a non-aqueous solvent, and is characterized by a non-aqueous solvent containing the 
aromatic compound expressed with the following (I) type. 
[Formula 1] 



R2 -. ^ CI) 



(R1 and R2 form independently among a formula the hydrocarbon ring which the alkyl group 
which may have the substituent may be expressed, or R1 and R2 may join together mutually, and 
may have the substituent, respectively.) Ring A shall have the substituent and at least one side 
of the carbon atom contiguous to the carbon atom which R1R2CH- combines shall have a 
substituent. 
[Claim 2] 

The nonaqueous electolyte according to claim 1 characterized by an aromatic compound being 
what expressed with the following (II) type. 
[Formula 2] 




<CH 2 ) n ^CH-fA^) (ID 



(Among a formula, Ring A is synonymous with the above and n expresses the integer of 1-10.) 
However, the substituent may combine with the cycloalkane ring. 
[Claim 3] 

The nonaqueous electolyte according to claim 1 or 2 characterized by the substituent which can 
be permuted by Ring A being what chosen from the hydrocarbon group which may have the 
halogen atom and the halogen atom, or the oxygen atom. 
[Claim 4] 

A nonaqueous electolyte given in any 1 term of claims 1-3 characterized by being what chosen 
from the group which the substituent which can be permuted by Ring A becomes from a chlorine . 
atom, a fluorine atom, a methyl group, an ethyl group, a methoxycarbonyl group, an 
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ethoxycarbonyl radical, a methoxycarbonyloxy radical, an ethoxycarbonyloxy radical, a methoxy 
group, an ethoxy radical, beta-fluoro ethyl group, and a trifluoromethyl radical. 
[Claim 5] 

A nonaqueous electolyte given in any 1 term of claims 1-4 to which a non-aqueous solvent is 
characterized by containing an aromatic compound 0.1 to 10% of the weight. 
[Claim 6] 

More than 70 capacity % of a non-aqueous solvent A lactone compound with 3-9 total carbon, 
annular carbonate with 3-9 total carbon, It is the solvent chosen from the group which consists 
of chain-like carboxylate with the chain-like ether with chain-like carbonate with 3-9 total 
carbon, and 3-9 total carbon, and 3-9 total carbon. And a nonaqueous electolyte given in any 1 
term of claims 1-5 characterized by being the solvent chosen from the group which more than 
20 capacity % of a non-aqueous solvent becomes from a lactone compound with 3-9 total 
carbon, and annular carbonate with 3-9 total carbon. 
[Claim 7] 

The nonaqueous electolyte according to claim 6 characterized by being what chosen from the 
group as which a lactone compound is chosen as from the group which consists of gamma- 
butyrolactone, a gamma-valerolactone, and a delta-valerolactone, and it is chosen out of the 
group which annular carbonate becomes from ethylene carbonate, propylene carbonate, and 
butylene carbonate and, which chain-like carbonate becomes from dimethyl carbonate, diethyl 
carbonate, and ethyl methyl carbonate. 
[Claim 8] 

A nonaqueous electolyte given in any 1 term of claims 1-7 characterized by containing the 
compound chosen from the group which a non-aqueous solvent becomes from partial saturation 
annular carbonate, alkenyl radical content saturation annular carbonate, aryl group content 
saturation annular carbonate, an annular ape fight, an annular sultone, and an annular carboxylic 
anhydride. 
[Claim 9] 

A nonaqueous electolyte given in any 1 term of claims 1-8 characterized by 5-100-mol% of the 
lithium salt in the electrolytic solution being the compound chosen from the group which 
consists of LiBF4 and LiPF6. 
[Claim 10] 

The rechargeable battery using a nonaqueous electolyte nonaqueous electolyte with which a 
nonaqueous electolyte is characterized by being a nonaqueous electolyte given in any 1 term of 
claims 1-9 in the nonaqueous rechargeable battery equipped with the nonaqueous electolyte 
which comes to dissolve the positive electrode containing occlusion and the ingredient which can 
be emitted, and lithium salt in a non-aqueous solvent in the negative electrode which contains 
occlusion and the ingredient which can be emitted for a metal lithium, a lithium alloy, or a lithium, 
and a lithium. 
[Claim 11] 

The nonaqueous electolyte rechargeable battery according to claim 10 characterized by being 
that in which a negative electrode contains the carbon material whose d value of the lattice 
plane (002) side in an X diffraction is 0.335-0.34nm. 
[Claim 12] 

A negative electrode 

1) the compound of the element chosen from the group which consists of Si, Sn, germanium, and 
aluminum — or 

2) Mixture of the compound of an element and carbon material which are chosen from the group 
which consists of Si, Sn, germanium, and aluminum 

The nonaqueous electolyte rechargeable battery according to claim 10 or 11 characterized by 

containing. 

[Claim 13] 

A nonaqueous electolyte rechargeable battery given in any 1 term of claims 10-12 characterized 
by being that in which a positive electrode contains the lithium transition-metals system multiple 
oxide chosen from a lithium cobalt system multiple oxide, a lithium nickel system multiple oxide, 
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and a lithium manganese system multiple oxide. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the lithium secondary battery which used a nonaqueous electolyte and 
it. In detail, it is related with the lithium secondary battery of the high energy consistency 
excellent in safety with which the function to stop advance of overcharge was given, and the 
nonaqueous electolyte which gives it, without reducing a cell property. 
[0002] 

[Description of the Prior Art] 

development of the lithium secondary battery which has a high energy density with lightweight- 
izing of an electric product in recent years, and a miniaturization — before — furthermore, it is 
wished and the improvement of a cell property is also demanded with expansion of Field of 
application of a lithium secondary battery. 

The electrolytic solution which dissolved lithium salt in the nonaqueous solvent which makes a 
carbonate, carboxylate, the ether, lactone, etc. a subject, for example as a nonaqueous 
electolyte for lithium secondary batteries which is a typical nonaqueous electolyte rechargeable 
battery is used. These nonaqueous solvents have a high dielectric constant, and since oxidation 
potential is high, they are solvents which were excellent on cell properties, such as excelling also 
in the stability at the time of cell use. 
[0003] 

[Problem(s) to be Solved by the Invention] 

However, since use on an electrical potential difference high for the high stability of a 
nonaqueous solvent is possible for the electrolytic solution using these nonaqueous solvents, the 
so-called overcharge phenomenon which becomes an electrical potential difference more than a 
predetermined upper limit electrical potential difference at the time" of charge tends to pose a 
problem conversely. Since it will also cause phenomena, such as ignition and a burst, not only 
deformation and generation of heat of a cell but in being excessive if it is overcharged, it is 
important to raise the safety of the rechargeable battery at the time of overcharge 
[0004] 

Although lithium transition-metals multiple oxides which have the layer structure, such as a 
cobalt acid lithium and a nickel acid lithium, are especially used as positive active material of a 
lithium secondary battery since the capacity per weight is large Since these compounds will 
almost be **** e d by the lithium ion in a overcharge condition, and it becomes unstable, and it 
may react rapidly with the electrolytic solution, and it may generate heat or a lithium metal may 
be deposited on a negative electrode, the safety at the time of overcharge is very important. 
[0005] 

As an attempt which raises the safety at the time of overcharge, the compound which has the 
oxidation potential beyond the upper limit electrical-potential-difference value of a cell is added 
as a overcharge inhibitor in the electrolytic solution, and the approach of intercepting a current 
at the time of overcharge is learned. If the compound which causes a reaction remarkably is 
used only on the electrical potential difference which a reaction will advance also at the time of 
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the usual cell actuation, and will accelerate degradation of a cell, and will far exceed the upper 
limit electrical potential difference of a cell if the compound in which reactivity high as a 
overcharge inhibitor at under the upper limit electrical-potential-difference value of a cell is 
shown is used, since the overcharge prevention effectiveness is not not discovered, it is 
important to choose the compound which reacts on a suitable electrical potential difference. 
[0006] 

Generally, it is known that an aromatic compound has many compounds which carry out a 
polymerization by oxidation reaction. Before it carries out an oxidation polymerization, these 
compounds form the coat of high resistance in an active material front face, and control a 
overcharge current especially, when polycyclic aromatic compounds, such as a biphenyl, were 
added in the electrolytic solution and it changes into a overcharge condition, and a cell results in 
a dangerous condition as the result, it is known that advance of overcharge can be prevented 
(for example, patent reference 1 and nonpatent literature 1 reference). 
[0007] 

However, also in the time of the usual charge and discharge and elevated-temperature 
preservation etc., these compounds had the problem of reducing the engine performance of a 
cell in order for small [ every ] oxidation reaction to advance and to form the coat of high 
resistance in the front face of an active material. 

Moreover, when a double bond is generated, and an alkyl group with the 3rd class carbon atom 
and the aromatic compound especially permuted by cycloalkyl radicals, such as 
cyclohexylbenzene, use the property to generate hydrogen gas and generally adds this in the 
electrolytic solution by oxidation, the method of operating the pressure relief valve inside a cell 
with the hydrogen gas generated at the time of overcharge is also learned (for example, patent 
reference 2 reference). However, cyclohexylbenzene changes with generating of hydrogen gas to 
a biphenyl, and this biphenyl forms a polymerization coat in an active material front face, for 
example. Moreover, a polymerization coat is formed in a direct active material front face also in 
process of the hydrogen generation of gas. When for this reason the pressure relief valve inside 
a cell is operated with hydrogen gas and insurance wants to suspend a cell, these polymerization 
coat formation reactions may consume a current, and may block generating of hydrogen gas. 
Moreover, these compounds also had the problem of reducing the engine performance of a cell, 
only in response to [ every ] the time of the usual charge and discharge and elevated- 
temperature preservation. 
[0008] 

[Patent reference 1] 
JP,9-106835,A 
[Nonpatent literature 1] 

S. Tobishima et.al. Electrochemistry 2002 70 volumes p.875 

[Patent reference 2] 

JP,2001-15155,A 

[0009] 

[Means for Solving the Problem] 

The aromatic compounds which have the alkyl group in which this invention persons have the 3rd 
class carbon atom are carrying out a polymerization between the carbon atoms with which it 
adjoins the carbon atom which the 3rd class carbon atom on a ring combines, therefore 
introducing substituents other than a hydrogen atom into this adjoining carbon atom, and found 
out that this polymerization reactio.n could be prevented. If such an aromatic compound is made 
to contain in a nonaqueous electolyte, since generating of hydrogen gas will not be blocked at 
the time of overcharge, a pressure relief valve can be operated favorably and advance of 
overcharge can be stopped. Moreover, such an aromatic compound has the small degradation of 
the cell at the time of the usual charge and discharge and elevated-temperature preservation. 
[0010] 

This invention was attained based on such knowledge, and the summary is a nonaqueous 
electolyte which comes to dissolve lithium salt in a non-aqueous solvent, and it consists in the 
nonaqueous electolyte to which a non-aqueous solvent is characterized by containing the 
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aromatic compound expressed with the following (I) type. 

[0011] 

[Formula 3] 




[0012] 

(R1 and R2 form independently among a formula the hydrocarbon ring which the alkyl group 
which may have the substituent may be expressed, or R1 and R2 may join together mutually, and 
may have the substituent, respectively.) Ring A shall have the substituent and at least one side 
of the carbon atom contiguous to the carbon atom which R1 R2CH- combines shall have a 
substituent. 
[0013] 

Moreover, other summaries of this invention consist in the lithium secondary battery 
characterized by being that in which a nonaqueous electolyte contains the compound expressed 
with the (I) type in the lithium secondary battery equipped with the nonaqueous electolyte which 
comes to dissolve the positive electrode containing occlusion and the ingredient which can be 
emitted, and lithium salt in a non-aqueous solvent in the negative electrode which contains 
occlusion and the ingredient which can be emitted for a metal lithium, a lithium alloy, or a lithium, 
and a lithium. 
[0014] 

[Embodiment of the Invention] 

Hereafter, it explains to a detail per gestalt of operation of this invention. 

Lithium salt is dissolved in the non-aqueous solvent in which the nonaqueous electolyte 

concerning this invention contains the compound expressed with the following (I) type 

[0015] 

[Formula 4] 




[0016] 

(R1 and R2 form independently among a formula the hydrocarbon ring which the alkyl group 
which may have the substituent may be expressed, or R1 and R2 may join together mutually, and 
may have the substituent, respectively.) Ring A shall have the substituent and at least one side 
of the carbon atom (it abbreviates to the carbon atom of the ortho position hereafter) 
contiguous to the carbon atom which R1R2CH- combines shall have a substituent 
[0017] 

As a non-aqueous solvent, annular carbonate and chain-like carbonate, a lactone compound 
(annular carboxylate), chain-like carboxylate, cyclic ether, the chain-like ether, a sulfur- 
containing organic solvent, etc. are mentioned. 

These solvents may be used independently, or two or more kinds may be mixed and they may be 
used. 

In these, the solvent with which the number of total carbon is chosen from the annular 
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carbonate and lactone compound, the chain-like carbonate, the chain-like carboxylate, and the 
chain-like ether of 3-9, respectively is desirable, and it is desirable to include the solvent with 
which especially the number of total carbon is chosen from the annular carbonate and chain-like 
carbonate of 3-9, respectively more than a kind, respectively. 
[0018] 

The following is mentioned as an example of the annular carbonate whose numbers of total 
carbon are 3-9, respectively, a lactone compound, chain-like carbonate, chain-like carboxylate, 
and the chain-like ether. 

3-9 have the annular number of total carbon — carbonate:ethylene carbonate, propylene 
carbonate, butylene carbonate, vinylene carbonate, vinyl ethylene carbonate, etc. are mentioned. 
In these, ethylene carbonate or propylene carbonate is more desirable. 
[0019] 

the number of total carbon — lactone compound [ of 3-9 ]: — gamma-butyrolactone, gamma- 
valerolactone, delta-valerolactone, etc. can be mentioned and gamma-butyrolactone is more 
desirable in these. 

the number of total carbon — chain-like carbonate [ of 3-9 ]: — dimethyl carbonate and diethyl 
carbonate — G n-propyl carbonate, diisopropyl carbonate, n-propyl isopropyl carbonate, Di-n- 
butyl carbonate, diisobutyl carbonate, G t-butyl carbonate, n-butyl isobutyl carbonate, n-butyl- 
t-butyl carbonate, Isobutyl-t-butyl carbonate, ethyl methyl carbonate, Methyl-n-propyl 
carbonate, n-butyl methyl carbonate, Isobutyl methyl carbonate, t-butyl methyl carbonate, ethyl- 
n-propyl carbonate, n-butyl ethyl carbonate, isobutyl ethyl carbonate, t-butyl ethyl carbonate, 
n-butyl-n-propyl carbonate, isobutyl-n-propyl carbonate, t-butyl-n-propyl carbonate, n-butyl 
isopropyl carbonate, isobutyl isopropyl carbonate, t-butyl isopropyl carbonate, etc. can be 
mentioned. In these, dimethyl carbonate, diethyl carbonate, or ethyl methyl carbonate is more 
desirable. 
[0020] 

Chain-like carboxylate with 3-9 total carbon: Methyl acetate, ethyl acetate, n propyl acetate, 
acetic-acid-isopropyl, n-butyl acetate, isobutyl acetate, acetic-acid-t-butyl, methyl propionate, 
ethyl propionate, propionic-acid-n-propyl, propionic-acid-isopropyl, propionic-acid-n-butyl, 
propionic-acid isobutyl, and propionic-acid-t-butyl can be mentioned. In these, ethyl acetate, 
methyl propionate, or ethyl propionate is more desirable. 
[0021] 

The chain-like ether with 3-6 total carbon: Dimethoxymethane, dimethoxyethane, diethoxy 
methane, diethoxy ethane, ethoxy methoxy methane, ethoxy methoxyethane, etc. can be 
mentioned. In these, dimethoxyethane or diethoxy ethane is more desirable. 

These solvents are used so that 50 - 95% of the weight of a non-aqueous solvent may be closed 

preferably. 

[0022] 

In this invention more than 70 capacity % of a non-aqueous solvent A lactone compound with 3- 
9 total carbon, Chain-like carbonate with annular carbonate with 3-9 total carbon, and 3-9 total 
carbon, It is the solvent chosen from the group which consists of chain-like carboxylate with the 
chain-like ether with 3-9 total carbon, and 3-9 total carbon. And it is desirable that it is the 
solvent chosen from the group which more than 20 capacity % of a non-aqueous solvent 
becomes from a lactone compound with 3-9 total carbon and annular carbonate with 3-9 total 
carbon. 
[0023] 

Lithium salt is used as a solute of the nonaqueous electolyte concerning this invention. The thing 
of arbitration will be used if lithium salt can be used as an electrolyte. For example, the following 
is mentioned. 

(1) — inorganic lithium salt: — the fault halogen acid salt of LiPF6, LiAsF6, LiBF4, the inorganic 
fluoride salt of LiAIF4 grade, LiCI04 and LiBr04, and LiI04 grade. Organic lithium salt : (2) 
Perfluoroalkyl sulfonic-acid imide salts, such as an organic sulfonate of LiCF3S03 grade, and LiN 
(CF3S02)2, LiN (C2F5S02)2, LiN (CF3S02) (C4F9S02), The perfluoroalkyl sulfonic-acid methide 
salt of LiC(CF3S02 )3 grade, Li54, LiPF3(C2F5) 3, LiBF2(CF3) 2, LiBF3 (CF3), Fluorine- 
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containing organic lithium salt, such as an inorganic fluoride salt which permuted some fluorine 
atoms, such as LiBF2(C2F5) 2 and LiBF3 (C2F5), by the perfluoroalkyl radical, is mentioned. 
[0024] 

These lithium salt may be used independently or may use two or more sorts together. LiPF6, 
UBF4, LiN (CF3S02)2, LiN (C2F5S02)2, LiN (CF3S02) (C4F9S02), LiPF3(CF3) 3, LiPF3(C2F5) 
3, or LiBF2(C2F5) 2 are more desirable in these. 

It is desirable more than 5mol% of the lithium salt in the electrolytic solution and to contain 
preferably the compound chosen from the group which consists of LiBF4 and LiPF6 especially at 
a rate beyond 30mol%. The whole quantity of lithium salt of one of the most desirable 
electrolytes is these compounds. If the compound chosen from the group which consists of 
LiBF4 and LiPF6 as lithium salt is used, electrochemical stability will be high and it will become 
the outstanding electrolytic solution in which high conductivity is shown in a large temperature 
requirement. 
[0025] 

As for the concentration of the lithium salt in a nonaqueous electolyte, it is desirable that they 
are 0.5 mols [ I. ] /or more and three mols/l. or less. If concentration is too low, the conductivity 
of the electrolytic solution will become inadequate by low density. Conversely, since conductivity 
falls since it is a viscosity rise and lithium salt becomes easy to deposit at low temperature when 
concentration is too high, there is an inclination for the engine performance of a cell to fall. 0.6 
mols /or more of concentration of desirable lithium salt are [ I. ] 0.7 mols/l. or more especially 
preferably, and an upper limit is 1.5 mols/l. or less desirable especially preferably [ mols //I / or 
less / two ]. 
[0026] 

The nonaqueous electolyte concerning this invention is characterized by containing the aromatic 
compound expressed with the following (I) type in a non-aqueous solvent. 
[0027] 
[Formula 5] 



(I) 



[0028] 

(R1 and R2 form independently among a formula the hydrocarbon ring.which the alkyl group 
which may have the substituent may be expressed, or R1 and R2 may join together mutually, and 
may have the substituent, respectively.) Ring A shall have the substituent and at least one side 
of the carbon atom of the ortho position shall have a substituent. 
[0029] 

(I) As long as it is [ that what is necessary is just what does not react substantially ] satisfied 
with the usual cell operating potential field of this condition, the substituent of arbitration may 
combine with Ring A the aromatic compound expressed with a formula. The hydrocarbon group 
which may have the halogen atom, the halogen atom, or the oxygen atom is the most common as 
such a substituent Specifically A methyl group, an ethyl group, n-propyl group, i-propyl group, 
Chain-like alkyl groups, such as n-butyl, i-butyl, and t-butyl; A METOKI deer carbonyl group, An 
ethoxycarbonyl radical, an n-propoxy carbonyl group, an i-propoxy carbonyl group, Chain-like 
alkoxy carbonyl groups, such as n-butoxycarbonyl radical, i-butoxycarbonyl radical, and a t- 
butoxycarbonyl group; A methoxycarbonyloxy radical, An ethoxycarbonyloxy radical, n- 
propoxycarbonyloxy radical, i-propoxycarbonyloxy radical, n-buthoxycarbonyloxy radical, Chain- 
like alkoxy carbonyloxy group, such as i-buthoxycarbonyloxy radical and t-buthoxycarbonyloxy 
radical; A methoxy group, An ethoxy radical, n-propoxy group, i-propoxy group, an n-butoxy 
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radical, Chain-like alkoxy groups, such as an i-butoxy radical and a t-butoxy radical; A fluoro 
methyl group, A trifluoromethyl radical, alpha-fluoro ethyl group, beta-fluoro ethyl group, The 
hydrocarbon group of the carbon numbers 1-6 which may have a halogen atom and a halogen 
atom, or oxygen atoms, such as chain-like fluoro alkyl groups, such as a trifluoroethyl radical and 
a pentafluoro ethyl group, is mentioned. 
[0030] 

Also in these, a chlorine atom, a fluorine atom, a methyl group, an ethyl group, a 
methoxycarbonyl group, an ethoxycarbonyl radical, a methoxycarbonyloxy radical, an 
ethoxycarbonyloxy radical, a methoxy group, an ethoxy radical, beta-fluoro ethyl group, or a 
trifluoroethyl radical is more desirable. That is, as an aromatic compound expressed with the (I) 
type, the compound with which at least one side of the carbon atom of the ortho position was 
permuted by these substituents is desirable, and especially the compound that did not permute 
carbon atoms other than the ortho position especially is desirable. 
[0031] 

The shape of a chain and annular any are sufficient as the alkyl group expressed with R1 and R2. 
The carbon number of a chain-like alkyl group is usually [ ten or less ] four or less more 
preferably six or less. If the carbon number of an alkyl group generally becomes large, solubility 
and reactivity will fall, or the molecularity per same weight will decrease, and the effectiveness 
per same weight will fall. As an alkyl group of the shape of such a chain, a methyl group, an ethyl 
group, n-propyl group, i-propyl group, n-butyl, i-butyl, t-butyl, etc. are mentioned, for example, 
and a methyl group or an ethyl group is more desirable. 
[0032] 

The carbon number of an annular alkyl group is five or more preferably, and an upper limit is 
usually eight or less preferably ten or less. If a carbon number becomes large, solubility and 
reactivity will fall like the case where it is a chain-like alkyl group, or the molecularity per same 
weight will decrease, and the effectiveness per same weight will fall. 

As an annular alkyl group, cyclo butyl, a cyclopentylic group, a cyclohexyl radical, a cycloheptyl 
radical, a cyclo octyl radical, etc. are mentioned, and a cyclopentylic group, a cyclohexyl radical, 
or a cycloheptyl radical is more desirable. 
[0033] 

It can join together mutually and R1 and R2 can also form a hydrocarbon ring structure. In this 
case, as for the carbon number of the hydrocarbon ring formed by the 3rd class carbon atom 
which the aromatic compound was expressed with the following (II) type, and R1, R2, and these 
have combined, it is desirable that it is five or more. Moreover, an upper limit is usually 13 or 
less, and is seven or less eight or less especially preferably. If the carbon number which 
constitutes a ring becomes large, solubility and reactivity will fall like the case where it is a 
chain-like alkyl group, or the molecularity per same weight will decrease, and the effectiveness 
per same weight will fall. 
[0034] 
[Formula 6] 

(ch 2 C^ H2 °):ch-^Q> (ID 



[0035] 

the inside of a formula, and Ring A — the above — synonymous — n — 1-10 — the integer of 
2-4 is expressed preferably. However, the substituent may combine with the cycloalkane ring. 
[0036] 

In addition, the ring formed in the chain-like alkyl group which R1 and R2 express, an annular 
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alkyl group, and a list by R1 and R2 may have the substituent. As a substituent, halogen atom; 
methyl groups, such as a fluorine atom, a chlorine atom, a bromine atom, and an iodine atom, An 
ethyl group, n-propyl group, i-propyl group, n-butyl, i-butyl, Alkyl groups, such as t-butyl; A 
methoxy group, an ethoxy radical, n-propoxy group, Alkoxy groups, such as i-propoxy group, an 
n-butoxy radical, an i-butoxy radical, and a t-butoxy radical; A methoxycarbonyl group, An 
ethoxycarbonyl radical, an n-propoxy carbonyl group, an i-propoxy carbonyl group, Alkoxy 
carbonyl groups, such as n-butoxycarbonyl radical, i-butoxycarbonyl radical, and a t- 
butoxycarbonyl group; A methoxycarbonyloxy radical, Alkoxy carbonyloxy group, such as an 
ethoxycarbonyloxy radical, n-propoxycarbonyloxy radical, i-propoxycarbonyloxy radical, n- 
buthoxycarbonyloxy radical, i-buthoxycarbonyloxy radical, and t-buthoxycarbonyloxy radical, etc. 
is mentioned. Although a substituent desirable in these is a chlorine atom, a fluorine atom, a 
methyl group, an ethyl group, a methoxy group, an ethoxy radical, a methoxycarbonyl group, an 
ethoxycarbonyl radical, a methoxycarbonyloxy radical, or an ethoxycarbonyloxy radical, the 
aromatic compound with which a substituent does not exist in the ring formed in the chain-like 
alkyl group which R1 and R2 usually express, an annular alkyl group, and a list by R1 and R2 is 
used. 
[0037] 

As for the aromatic compound expressed with the (I) type which a non-aqueous solvent is made 
to contain by this invention, it is desirable that it is what has the hydrocarbon ring expressed 
with the aforementioned (II) type in respect of the overcharge prevention effectiveness. 
Some of desirable aromatic compounds are illustrated next to make it contain in a non-aqueous 
solvent by this invention. 

Example of the compound which R1 and R2 have not combined : 

A H-propyl-2-fluorobenzene, a 1-i-propyl-2-chlorobenzene, H-propy|-2-methylbenzene, H- 
propyl-2-ethylbenzene, 1 -i-propy|-2-methoxycarbonyl oxybenzene, 1 -i-propy|-2- 
ethoxycarbonyl oxybenzene, 2-i-propyl-methyl benzoate, 2-i-propyl-ethyl benzoate, H-propyl- 
2-methoxybenzene, 1 H-propyl-2-ethoxy benzene, 1-i-butyl-2-methylbenzene, 1 -(2 -ethyl 
propyl)-2-methylbenzene, 1-(2 , -methylbutyl)-2-methylbenzene, 1-(2'-methyl pentyl)-2- 
methylbenzene, 1-(2\ 3-dimethyl butyl)-2-methylbenzene, 1-(2 ? -ethyl butyl)-2-methylbenzene, 
1-(2-methyl hexyl)-2-methylbenzene, 1-(2\ 3 -dimethyl pentyl)-2-methylbenzene, 1-(2\ 4- 
dimethyl pentyl)-2-methylbenzene, 1 -(2 -ethyl pentyl)-2-methylbenzene, 1-(2 - ethyl -3- 
methylbutyl)-2-methylbenzene, 1-(3 - ethyl -2'-methylbutyl)-2-methylbenzene. 
[0038] 

Example of the compound which R1 and R2 have combined : 

1- chloro-2-cyclopentyl benzene, a 1-cyclopentyl-2-fluorobenzene, 1 -cyclopentyl-2- 
methylbenzene, 1 -cyclopentyl-2-ethylbenzene, 1-cyclopentyl-2-methoxycarbonyl oxybenzene, 
1 -cyclopentyl-2-ethoxycarbonyl oxybenzene, 2-cyclopentyl-methyl benzoate, 2-cyclopentyl- 
ethyl benzoate, 1-cyclopentyl-2-methoxybenzene, 1-cyclopentyl-2-ethoxy benzene, 1-chloro- 

2- cyclohexylbenzene, a 1-cyclohexyl-2-fluorobenzene, 1-cyclohexyl-2-methylbenzene, 1- 
cyclohexyl-2-ethylbenzene, 1 -cyclohexyl-2-methoxycarbonyl oxybenzene, 1-cyclohexyl-2- 
ethoxycarbonyl oxybenzene, 2-cyclohexyl-methyl benzoate, 2-cyclohexyl-ethyl benzoate, 1- 
cyclohexyl-2-methoxybenzene, 1-cyclohexyl-2-ethoxy benzene, 1-chloro-2-cycloheptyl 
benzene, a 1-cycloheptyl-2-fluorobenzene, 1-cycloheptyl-2-methylbenzene, 1 -cycloheptyl-2- 
ethylbenzene. 1-cycloheptyl-2-methoxy cull BOKINIRUOSHI benzene, 1-cycloheptyl-2- 
ethoxycarbonyl oxybenzene, 2-cycloheptyl-methyl benzoate, 2-cycloheptyl-ethyl benzoate, 1- 
cycloheptyl-2-methoxybenzene, 1-cycloheptyl-2-ethoxy benzene, etc. are mentioned 

[0039] 

Also in these, 1-chloro-2-cyclopentyl benzene, 1-chloro-2-cyclohexylbenzene, 1-chloro-2- 
cycloheptyl benzene, a 1-cyclopentyl-2-fluorobenzene, 1-cyclopentyl-2-methylbenzene, a 1- 
cyclohexyl-2-fluorobenzene, 1-cyclohexyl-2-methylbenzene, a 1-cycloheptyl-2-fluorobenzene, 
and 1-cycloheptyl-2-methylbenzene are still more desirable 
[0040] 

An aromatic compound may be independent or may use two or more kinds together. If these 
compounds have too little abundance in a nonaqueous electolyte. the overcharge prevention 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran^web_cgi_ejje 



2006/05/1 1 



JP,2004-349131,A [DETAILED DESCRIPTION] 8/J5 ^— x 



effectiveness will not fully be discovered, but when many [ to remainder / conversely / too ], it 
may have a bad influence on a cell property. Therefore, the sum total abundance in a non- 
aqueous solvent is usually 0.5 % of the weight or more preferably 0.1% of the weight or more, and 
an upper limit is usually 5 % of the weight preferably 10% of the weight. 
[0041] 

In addition, the aromatic compound used by this invention is for example, J.Organometallic. 
Chem., 118 349 (1976), J.Organometallic Chem. 469 (2) 221 (1994) Org.Synth. II It is 
compoundable by the approach given in 295 (1 943) etc., or the approach according to this. 
In the nonaqueous electolyte concerning this invention, a still better known coat generation 
agent, a overcharge inhibitor, a dehydrating agent, a deoxidizer, etc. can be added. Annular 
sultones, such as annular ape fight; propane sultones, such as a saturation annular carbonate; 
ethylene ape fight which has aryl groups, such as saturation annular carbonate; phenylethylene 
carbonate which has alkenyl radicals, such as partial saturation annular carbonate; vinyl ethylene 
carbonate, such as vinylene carbonate which has an olefin nature double bond to a ring, as a 
coat generation agent; annular carboxylic anhydrides, such as a succinic anhydride, an anhydrous 
malonic acid, a maleic anhydride, and phthalic anhydride, etc. are mentioned, and one sort or two 
sorts or more of these compounds can be used. If such a coat generation agent is contained, a 
capacity maintenance property and a cycle property will become better. As for a coat generation 
agent, it is desirable to be added so that it may become 0.1 - 5 % of the weight into a non- 
aqueous solvent. 
[0042] 

Moreover, for example, JP,8-203560,A, JP,7-302614,A, The benzene derivative indicated by each 
official report of JP,9-50822,A, JP,8-273700,A, and JP,9-17447,A etc.; JP,9-106835,A, JP,9- 
171840A JP,1 0-321 258,A, JP,7-302614,A, JP,7-302614,A, JP,1 1-1 6251 2,A, patent No. 2939469, 
The biphenyl indicated by each official report of patent No. 2963898 etc., and its derivative; 
JP,9-45369,A, The pyrrole derivative indicated by each official report of JP,1 0-321 258,A etc.; 
JP,7-320778,A, The ether system compound indicated by the aromatic compound; patent No. 
2983205 official reports, such as an aniline derivative indicated by each official report of JP,7- 
30261 4,A etc., etc.; with combination with overcharge inhibitors, such as a compound indicated 
by JP,2001-15158,A etc. The overcharge prevention effectiveness more desirable than the 
design top of a cell may be expectable. 
[0043] 

As for these overcharge inhibitor or the regulator of the overcharge effectiveness, it is desirable 
to be added so that the sum total content may become 0.1 - 10 % of the weight into a non- 
aqueous solvent, and it is more desirable to be added so that it may become 0.1 - 5 % of the 
weight. 

Although a metal lithium, various lithium alloys, or a lithium will not be limited as an ingredient of 
the negative electrode which constitutes the lithium secondary battery concerning this invention 
especially if different-species elements other than occlusion and the lithium which may be 
emitted are included, what contains different-species elements other than occlusion and the 
lithium which may be emitted for a lithium is desirable. Carbon material; metallic-oxide 
ingredients, such as a pyrolysis object of the organic substance in pyrolysis conditions various, 
for example as the example, and an artificial graphite, a natural graphite; the metallic compounds 
which emit [ occlusion and ] a lithium are mentioned. 
[0044] 

A desirable carbon material performs various surface treatment which contains a pitch in the 
artificial graphite manufactured by elevated-temperature heat treatment of the easy graphite 
pitch obtained from various raw materials and purification natural graphites, or these graphites 
among these. These carbon materials have that desirable whose d value (distance between 
layers) of the lattice plane (002) side searched for by the X diffraction by Gakushin method is 
0.335-0.34nm, and it is 0.335-0.337nm more preferably. These carbon materials have that 
desirable whose ash content is 1 or less % of the weight, and it is 0.1 or less % of the weight of a 
thing most preferably 0.5 or less % of the weight. Moreover, it is desirable that the microcrystal 
size (Lc) for which it asked by the X diffraction by Gakushin method is 30nm or more. 50nm or 
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more of microcrystal size (Lc) is more more desirable, and what is 100nm or more is the most 
desirable. Moreover, 3 micrometers or more 5 micrometers or more are 7 micrometers or more 
still more preferably more preferably usually preferably [ are a median size according / a median 
size / to the method of laser diffracting / being scattered about, and ] 1 micrometers or more, 
an upper limit is usually desirable 1 00 micrometers or less, and 50 micrometers or less 40 
micrometers or less are 30 micrometers or less still more preferably more preferably. Moreover, 
more than 0.5m2/g, BET adsorption method specific surface area is more than 0.6m2/g 
preferably, is usually below 25.0m2/g, and is below 10.0m2/g still more preferably . below 
15.0m2/g more preferably below 20.0m2/g. Moreover, in the Raman spectrum analysis using Ar- 
ion-laser light, that whose intensity ratio R=IB/IA of Peak PA (peak intensity IA) and the peak 
PB (peak intensity IB) of the range of 1 350-1 370cm-1 is 0-0.5 is desirable in the range of 1580^ 
1620cm-1. As for the full width at half maximum of the range of 1 580-1 620cm-1, what is one or 
less [ 26cm - ] is desirable, and one or less [ 25 morecm - ] is more desirable. 
[0045] 

Moreover, the metallic compounds which emit [ occlusion and ] a lithium can also be mixed and 
used for these carbon materials. 

As metallic compounds which emit [ occlusion and ] a lithium, the compound containing metals, 
such as Ag, Zn, aluminum, Ga f In, Si, germanium, Sn, Pb, P f Sb, Bi, Cu, nickel, Sr, and Ba, is 
mentioned, and these metals are used as an alloy with a simple substance, oxide, and a lithium 
etc. In this invention, the thing containing the element chosen from Si, Sn, germanium, and 
aluminum is desirable, and the composite material of metaled oxide, a lithium alloy, or the these 
and the carbon material that are chosen from Si, Sn, germanium, and aluminum is more desirable. 

[0046] 

These negative-electrode ingredients may be used independently, or two or more kinds may be 
mixed and they may be used. Especially the method of manufacturing a negative electrode using 
these negative-electrode ingredients is not limited. For example, a binder, a thickener, electric 
conduction material, a solvent, etc. are added to a negative-electrode ingredient if needed, and it 
considers as the shape of a slurry, and it can apply to the substrate of a charge collector and a 
negative electrode can be manufactured by drying. Moreover, roll forming of what added a binder, 
electric conduction material, etc. to this negative-electrode ingredient is carried out as it is, it 
can consider as a sheet electrode, or can consider as a pellet electrode with compression 
molding, or thin film formation of a negative-electrode ingredient can also be carried out on a 
charge collector by technique, such as vacuum evaporationo and spatter plating. 
[0047] 

As a binder, a thickener, and electric conduction material, to a solvent, the electrolytic solution, 
e A c ^ which are used at the time of elec^o_de.manyfecture ( if itjs a stable jngredient, it will not be. 
especially limited in the case of electrode manufacture. As the example, polyvinylidene fluoride, 
polytetrafluoroethylene, styrene-butadiene rubber, polyisoprene rubber, butadiene rubber, etc. 
can be mentioned as a binder. Moreover, as a thickener, a carboxymethyl cellulose, methyl 
cellulose, a hydroxymethyl cellulose, ethyl cellulose, polyvinyl alcohol, oxidization starch, 
phosphorylation starch, GAZEIN, etc. are mentioned. As electric conduction material, carbon 
materials, such as metallic materials, such as copper and nickel, graphite, and carbon black, are 
mentioned. 
[0048] 

The point of metals, such as copper, nickel, and stainless steel, being used and being easy to 
process it into a thin film in these as a charge collector for negative electrodes, and the point of 
a price to copper foil is desirable. 

The ingredient which emits [ occlusion and ] lithiums, such as an ingredient which permuted 
some transition metals of multiple oxides with the transition metals chosen from lithiums, such 
as a lithium cobalt system multiple oxide, a lithium nickel system multiple oxide, and a lithium 
manganese system multiple oxide, nickel, cobalt, and manganese and these multiple oxides with 
other metals as an ingredient of the positive electrode which constitutes the lithium secondary 
battery concerning this invention, can be used. 
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[0049] 

Especially about the manufacture approach of a positive electrode, it is not limited but can 
manufacture according to the manufacture approach of the above-mentioned negative electrode. 
Moreover, about the configuration, after mixing, a binder, electric conduction material, a solvent 
as well as a negative electrode, etc. can be added to a positive-electrode ingredient if needed, 
and it applies to the substrate of a charge collector, and it can consider as a sheet electrode or 
can consider [ press forming can be performed and ] as a pellet electrode. 

As a charge collector for positive electrodes, metals, such as aluminum, titanium, and a tantalum, 
or the alloy of those is used. In these, since especially aluminum or its alloy is lightweight, it is 
desirable in respect of energy density. 
•[0050] 

It is not limited especially about the quality of the material or the configuration of a separator 
which are used for the nonaqueous electolyte rechargeable battery concerning this invention. 
However, it is stable to the electrolytic solution, and choosing from the solution retention 
outstanding ingredients is desirable, and it is desirable to use a porous sheet or a nonwoven 
fabric etc. which uses polyolefines, such as polyethylene and polypropylene, as a raw material. 
Especially about the method of manufacturing the nonaqueous electolyte rechargeable battery 
built over this invention using a negative electrode, an above-mentioned positive electrode, and 
an above-mentioned nonaqueous electolyte, it is not limited but can choose suitably from the 
approaches usually adopted. 
[0051] 

Moreover, the coin type which carried out the laminating of the cylinder type, pellet electrode, 

and separator of the inside-out configuration which combined the cylinder type, pellet electrode, 

and separator which were not limited especially about the configuration of a cell but made the 

sheet electrode and the separator the shape of a spiral is usable. 

[0052] 

[Example] 

Although an example and the example of a comparison are given to below and this invention is 
explained to it still more concretely, this invention is not limited by these examples unless the 
summary is exceeded. [The example of manufacture of 1-cyclohexyl-2-methylbenzene] 
Instead of an iodobenzene, it is J.Organometallic. except having used Hodine-2-methylbenzene. 
1 1 8 According to the manufacturing method of the cyclohexylbenzene of a publication, it carried 
out to 349 (1976), and 1 -cyclohexyl-2-methylbenzene was obtained. Moreover, 1-cyclopentyl-2- 
methylbenzene and 1-cycloheptyl-2-methylbenzene were similarly obtained using cyclopentyl 
bromide and cycloheptyl bromide. 
[0053] 

[The example of manufacture of a 1-cyclohexyl-2-fluorpbenzene] 

Except having used the cyclohexene instead of norbornene, it is J.Organometallic. Chem. 469 (2) 
According to the approach of a publication, 1-amino-2-cyclohexylbenzene was manufactured to 
221 (1994). This is made into a hydrochloride using a hydrochloric acid, and it is Org.Synth. II 
According to the approach of a publication, the amino group was changed into the fluorine 295 
(1943). Moreover, the 1-cyclohexyl-2-chlorobenzene was manufactured by considering 
diazonium salt as as [ chloride ]. 
[0054] 

(Production of a positive electrode) 

6 % of the weight (the DENKI KAGAKU KOGYO K.K. make, trade name DIN a turnip rack) of 
carbon black and 9 % of the weight (the Kureha chemistry company make, trade name KF-1000) 
of polyvinylidene fluorides were added to Li0oO2 (Nippon Chemical Industrial Co., Ltd. make, C5) 
85% of the weight as positive active material, and it mixed, and distributed by the N-methyl-2- 
pyrrolidone, and what was made into the shape of a slurry was applied to homogeneity on 
aluminium foil with a thickness of 20 micrometers which is a positive-electrode charge collector, 
and after desiccation, it pierced to discoid with a diameter of 12.5mm, and considered as the 
positive electrode 
[0055] 
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(Creation of a negative electrode) 

d value of the lattice plane (002) side in an X diffraction 0.336nm and crystallite size (Lc) The 
median size according [ 264nm and ash content ] to the method of laser diffracting / being 
scattered about 0.04% of the weight 17 micrometers, BET adsorption method specific surface 
area 8.9m2/g, Ar-ion-laser light Intensity ratio R=IB/IA of the peak PA of the range of 1580- 
1620cm-1 in the used Raman spectrum analysis (peak intensity IA) and the peak PB (peak 
intensity IB) of the range of 1 350-1 370cm-1 0.15, the artificial-graphite powder (the TIMCAL, 
LTD. make — ) whose full width at half maximum of the range of 1 580-1 620cm- 1 is 22.2cm-1 the 
styrene butadiene rubber (SBR) (the Nippon Zeon Co., Ltd. make — ) made to distribute to trade 
name KS-44 94% of the weight with distilled water In addition, by applying to homogeneity what 
mixed by the De Dis parser and was made into the shape of a slurry on copper foil with a 
thickness of 18 micrometers which is a negative-electrode charge collector, it pierced to discoid 
with an after [ desiccation ] and a diameter of 1 2.5mm, the electrode was produced, and it used 
as a negative electrode so that it might become 6 % of the weight by solid content about trade 
name BM400B. 
[0056] 

(Production of a coin mold eel) 

The positive electrode was held in the can made from stainless steel which serves as a positive- 
electrode conductor using the electrolytic solution of a publication for a positive electrode and a 
negative electrode, each above-mentioned example, and [each above-mentioned example of a 
comparison, and the negative electrode was laid through the separator made from polyethylene 
which infiltrated the electrolytic solution on it two sheets, the obturation plate which serves both 
as this can and a negative-electrode conductor — the gasket for an insulation — minding — it 
sealed in total and the coin mold eel was produced. ■> 
[0057] 

(Evaluation and observation of a coin mold eel) 

In 25 degrees C, after performing the four-cycle charge and discharge test by charge termination 
electrical-potential-difference 4.2V and discharge-final-voltage 3.0V or 0.5mA constant current 
and performing the charge and discharge of 5 cycle eye by 5mA, it considered as the charge 
condition again. 

This coin mold eel was saved at 85 degrees C for 72 hours, after that, it was made to discharge 
(6 cycle eye) and, subsequently charge and discharge of 7 cycle eye were performed by 5mA. 
The value which broke the discharge capacity of this 7 cycle eye by discharge capacity of 5 
cycle eye was made into the preservation property. Moreover, the obturation plate of the coin 
mold eel after measurement was removed, the internal electrode was taken out, from between 
the separators of two sheets, it separated into the positive-electrode-separator and the 
negative-electrode-separator, the positive electrode and the separator were exfoliated after 
that, and the existence of the black coat of the aromatic compound origin on a positive-active- 
material front face was checked. 
[0058] 

Another coin mold eel is produced similarly again, and it sets at 25 degrees C. Moreover, charge 
termination electrical-potential-difference 4.2V, After 0.5mA constant current's performing a 
four-cycle charge and discharge test by discharge-final-voltage 3.0V and performing the charge 
and discharge of 5 cycle eye by 5mA, consider as a charge condition again and the 5 moremA 
charging current is passed. It overcharged to the place (1 70% of charge depth) where a minute of 
quantity of electricity flowed 1 70% in total, having used capacity at the time of the usual full 
charge as 100%, and the electrical potential difference at that time was measured. Since the 
direction more near 4.2V was desirable more than 4.2V, B and less than [ more than 
4.60V4.70V ] were judged to be C, and more than 4.70V was judged [ less than / 4.50V ] for A 
and less than [ more than 4.50V4.60V ] to be D 
[0059] 
Example 1 

It dissolves in the solvent which mixed ethylene carbonate (EC) and diethyl carbonate (DEC) to 
1:1 by the weight ratio at a rate of one mol/l. by making into a solute the hexa fluorophosphoric 
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acid lithium (LiPF6) which fully dried under desiccation argon atmosphere. Furthermore, a 1- 
cyclohexyl-2-fluorobenzene is dissolved at 2% of the weight of a rate. Furthermore, vinylene 
carbonate (VC) was dissolved at 2% of the weight of a rate as a negative-electrode coat 
generation agent, the electrolytic solution was prepared, the coin mold eel was produced by the 
above-mentioned approach, and evaluation and observation of the above-mentioned coin mold 
eel were performed. 
[0060] 
Example 2 

It evaluated by producing a coin mold eel like an example 1 except having dissolved 1- 
cyclohexyl-2-methylbenzene at 2% of the weight of a rate instead of the 1-cyclohexyl-2- 
fluorobenzene. 
Example 3 

It evaluated by producing a coin mold eel like an example 1 except having dissolved the 1- 

cyclohexyl-2-chlorobenzene at 2% of the weight of a rate instead of the 1-cyclohexyl-2- 

fluorobenzene. 

[0061] 

Example 4 

It evaluated by producing a coin mold eel like an example 1 except having dissolved the 1- 
cyclopentyl-2-fluorobenzene at 2% of the weight of a rate instead of the 1-cyclohexy|-2- 
fluorobenzene. 
[0062] 

The example 1 of a comparison 

LiPF6 was dissolved in the solvent which mixed ethylene carbonate and diethyl carbonate to 1:1 
by the weight ratio at a rate of one mol/L, and it evaluated by producing a coin mold eel like an 
example 1 except having used the electrolytic solution which dissolved and prepared vinylene 
carbonate at 2% of the weight of a rate to the electrolytic solution further. 
[0063] 

The example 2 of a comparison 

LiPF6 was dissolved in the solvent which mixed ethylene carbonate and diethyl carbonate to 1:1 
by the weight ratio at a rate of one mol/L, and it evaluated by producing a coin mold eel like an 
example 1 except having used the electrolytic solution which dissolved and prepared a biphenyl 
and vinylene carbonate at 2% of the weight of a rate to the electrolytic solution, respectively 
further. 
[0064] 

The example 3 of a comparison 

LiPF6 was dissolved in the solvent which mixed ethylene carbonate and diethyl carbonate to 1:1 
by the weight ratio at a rate of one mol/L, and it evaluated by producing a coin mold eel like an 
example 1 except having used the electrolytic solution which dissolved and prepared 
cyclohexylbenzene and vinylene carbonate at 2% of the weight of a rate to the electrolytic 
solution, respectively further. 
[0065] 
Example 5 

LiPF6 and a tetrafluoroboric acid lithium (LiBF4) were dissolved at a rate of 0.5 mols/L by having 
used gamma-butyrolactone (GBL) as the solvent, respectively, and it evaluated by producing a 
coin mold eel like an example 1 further except having used the electrolytic solution which 
dissolved and prepared a 1-cyclohexyl-2-fluorobenzene and vinylene carbonate at 2% of the 
weight of a rate to the electrolytic solution, respectively. 
[0066] 

The example 4 of a comparison 

LiPF6 and LiBF4 were dissolved at a rate of 0.5 mols/L by having used gamma-butyrolactone as 
the solvent, respectively, and it evaluated by producing a coin mold eel like an example 1 except 
having used the electrolytic solution which dissolved and prepared a biphenyl and vinylene 
carbonate at 2% of the weight of a rate to the electrolytic solution further. 
These evaluation results are showp in Table 1 . 
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[Table 1] 
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[0068] ' 

[Effect of the Invention] 

The nonaqueous electolyte rechargeable battery using the nonaqueous electolyte concerning 
this invention has high charge-and-discharge effectiveness, is excellent in a capacity 
maintenance property, and is excellent in the cell property and safety in a large temperature 
requirement, and is a high energy consistency. 



[Translation done.] 
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is s< > if ^ „ 1 - > ^ n -\ 3f is - 2 - ^ h 3r # # ^ ^" ^ > -< >- if > , 2 - > ^ 
n^^i//l/-$|,f 2 - > ^ n ^ 3f > - 3c © * S£ ^ f ^ > 1 - > # & ^ * is 

;U - 2 — * h ^ v"< V V , 1 — is 9 n ^ ^ ^ ;i, - 2 — ai h^r^>^<^if>> l — ^ n p — 
2~v'^a^7 P ^^^>'if>, l-v^^n^^ p ^/U-2-^yl-^-n^>if> s 1 - 2/ ^ a 

*}- As — 2-^^^^^^^, l -^/^ D^/f ^ - 2 - xf-;u^yif 
^7°^/^— 2 - ^ h ^ ^ # ^ ^ /U ^ V V if . 1 — is ? u ^ ;/ ^ /U - 2 - ^ h^i/ 

# ^ ^ -fef > N 2-v-^o^^ p ^7l'-^S#^^^/^, 2 — is 9 n-^y^/U 

- £ S § g£ ^ ^ >^ , l-v/^n^yf/l/-2-^ F^rV^yf l-v-^n^^^/U- 
2 - ^ h^r^-O-if^^Ti^if^tL^o 

[ 0 0 3 9 ] 10 

^ tl h (D ^ X h . 1 - ^ a ci - 2 - ^ n V ^ A- ^< V if >- , i— ^nn — 2-v-^n-^ 

3r v- /U ^< >- if ;/ , 1— V^ci^V^/V — 2 — 

^/W^n^Vif:/, 1 — \s 9 xi ^< 1/ ;\s — 2 — ;?< ^ /l«"< >" if > , 1 — v' $ n ^ ^ V /V — 2 

— y/l/^-n^^if^^ i— fpa^Jcis/U— 2— ^^/l^^V-if^^ 1— v^^n-^^^-ylx- 

[ 0 0 4 0 ] 

. 1 fi fi % £A Ji . ff^KliO. 5li%&±Tfe ±pglilf 1 0 11%, if* L< 20 

[ 0 0 4 1 ] 

ft *5 , * 51 We ffl 5^ # IS <t ^ % r± . 0U *1 f£ J . Organome ta 1 1 i c 

Chem. , 118, 349 (1976) „ J. Organometallic Ch 
em., 469 (2), 221 (1994), Org. Synth., II, 2 

9 5 (1 9 4 3) « ic IB * <z> # ifc . Xtt^hi:?i:fcyjfti:J;0^*t5:i:*tS5. 

»»*:*JP + 5 ^ i: *. *lt*Silttt, flt * U- 7 >f vtt - S tir * £ # "T 5 

tr ^ U > # — #*-h*<fc^«S?n«:R;& — ; i/y^-#^-FSiD7 

yx;vhyfos^^^hy;l*^^^i> i*v u y®, ?k U- . SI 7k 7 # 

ttsfts J: D A» £ ft 5 0 ftBS£fifc*9tt* ***ME^»c. 0. 1 ~ 5 fi S % £ ft 6 £ 9 K K M 
£ ti 5 <D a* #3= 
[ 0 0 4 2 ] 

* 7t , W^tfSii¥ 8 - 2 0 3 5 6 0 »B¥ 7 - 3 0 2 6 1 4 *. SI?9-5 0 8 
22-?-. ff|? 8 - 2 7 3 7 0 0 »\ # ffl ¥ 9 - 1 7 4 4 7 f * ft t ^ 
5^yfyR|ft;#|l¥ 9 - 1 0 6 8 3 5 t, fiS¥9-l 71 8 4 0 ^-, ftl^lO 40 
-321258-?-, #l¥ 7 - 3 0 2 6 1 4 4#P^^7-3026 14-?-. # KJ ¥ 1 1 
-1625 1 2-?-, #rF^ 2 9 3 9 4 6 9 f, »ffl 2 9 6 3 8 9 8 f (0*^«*lCffii 
Sixt^5^7x^;l/Rr;t^Ri» ; #B¥ 9 - 4 5 3 6 9-?-, fiPI¥l 0-3 2 1 2 

5 8 ^(D«-^«?|:IBt^T^6 t°o-/l,i#S ; #i? 7 - 3 2 0 7 7 8 

7-3 o 2 6 i 4 -?-tf>#<&$&^ (-fee * tix ^5 t = ]) >>mm&^ <D%^mik&%0 ; WfF 

m 2 9 8 3 2 0 5#4>«*fc:iatt£*LTl^ 5 ^ — ^ ^ <fc ^fy) ; %f ffl 2 0 0 1-1 5 1 5 

8 $ ttx ^5 \k^m ft ^ ^ia^mK it^j t <om^^ t>^\z x . m^^is: 

[ 0 0 4 3 ] 

rix^iS^aiKJhffJ-^ia^aSbScoBiSffJtt, ^^^ft-a^i^^Tk^^^^O. 1-1 50 
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0 * 4 % k 5 <fc 0 ic mm £ ft £ CO Ifi # £ u < % o. I~5li%ift5tp ic'tt JP £ ti 
#f l^lciSlif ^Azftti^i/^t5AS©#*ft Ltii, & Jg y 5^ -7 a , i*©y 
a> ft i* »te R !t £ ft & as , y ^^A^®jg^oti{ctt}L#-5 y t 9A«^roii5ci*^ 

& « ft #j # * jf e> ax . 

[ 0 0 4 4 1 

rttbcort, »* Lv«*»»tt % a* e>#fc*m»tt t ^ ^-o-asajRiftiaic i 10 

oTSfit£ft;fcAig&#&X.l**St§il^8&mi&» ;SLW:;rftP><omi&fctcf:y^£^tr«-*co*® 
*&3«rlfeL*:t>0>-l?*>5 o ::fte>0>«*«-*sH* x f J: 5 XiilslJTf**fc*Sf I ( 

002) ffi CO d fit ( JI R.1 ^ ftft ) # O . 3 3 5 ~ O . 3 4 n mffcS t OiSjf 4 L < , J; 9 

# * L < 11 0 . 3 3 5- 0. 3 3 7 nmT-fcS 0 1 ft 6«*#»f±,' 1 Ii%KT 
-C*>5t©«;*fiL< > i.9ffH<ltO. 5 fi i % « T , ItiflUliO. lft% 
»T»t©T'fe5„ *fc^^jfe(Cj;5X«|[sI *r "C tftfcgi^t-fX ( L c ) Ji30nm 
EtiT'fc5:H;&4L^„ feB a B^-y-'1'X (Lc) 5 0 n ma±CO*i! i 0 »S L < 
, 1 OOnmy±T•fc^,'b©iitt0JL^^ o £ it , ^ 5? 7 V @ fi , U — IF - lei iff • ftfc ft 
it 1C J: 5 p< i? T V m t\ If 1 ^.mHJ:, # L < 3 ^ m ± , J:»>#*L<tt5/»m 
W±> Il:»iL<ll7^m£(±f fcO, ifSUIS 1 OO^miT, jyF*L<!4 50/x 20 
m KT, i 0»f L< 114 0 P m^T, L<li3 0(,mHTt'J)5. Sfc, BE 

T j£ Jt 3? E « 12 . 0. 5 m 2 /g«±> »S L< liO. 6 m 2 / g Hlffc 0 , It2 5 
. 0m 2 / g yTT-fc(?, !5FS t< Ii2 0. 0m 2 /gJ^T. t J 0* t'< ttl 5. Om 
2 / g»T. ICffS L<lii o. 0m 2 /g^TT*&-5 7/^y^tyi/-f 
— %^cm\^tL7 -r 7.^<i> K A' # #f td *3 ^ T 1 5 8 0~1 6 2 0 cm - 1 CO «S H {d t° — ^ 
P A (f-^il A ) R^l 3 5 0- 1 3 7 0 cm" 1 ©KiCf-^P B ( f — ^ 3fi 
S I B ) ©3SSJtR = I B / I A *0~0. 5 fS>5 tco^Sf J UV\ 1 580~162 

0 cm" 1 ©©IWf-^Of til4 2 6 cm" 1 t©* Jf S L < , Mtll 2 
5 cm - 1 KT«5J:!)»S 

[ 0 0 4 5 J 30 

y^*A$:R*fttf#W^«*&*fls£-«fc*L-cii» Ag. Zn. A 1 , G a . In. S 

1 , Ge, Sn, P b , P. Sb, B i , Cu. Ni, Sr. Ba^CO^m^^^-T^it 

# * «f 6» ft »"* w ft 6 m tt MW< -Btfcm : v 9-*93?&«>£4t x-k-Vx'm v^'-ft s-s 

* 38 91 |C 33 ^ T I* , Si, Sn, GeXU t Al^f,Itfft57ci^ttt5{)OiifftL 
< , Si, Sn. GeS:OCAI>i^fbillift5^:JR<7)^^i^. y^^A^&Xli^ftibt^ 
mtt& k £ 9 # * L^ 0 

[ 0 0 4 6 ] 

rftfbco^SW^I-li, liftfflLtt, 2SIHlig^LTfflv^Ttgv\ ZftcbcoA 40 
««-»4rffiv^TAttSr«JS-*-5*«feB:i*HIR^* ft<ev^. &l x tf , & K Id ft 

tTSII. JfttflK J*®**. 5r JO x. T ^ 5 y — ttt M M ft co £ « K ^ * b . 

ftlltSitKiDAStRitSitiSxfiS. £ , M ffi # i£ « #J ^ a? 1g # # 
i'^JBit jjcolr^coj J n -^^^Lt->- ht^i Lfc o , ffi SS fl? Id J; •? u h 

msi: Lfc"?, mm ■ *s< v ? • * s/*^<o^j£T-*mft±»d£«;#^<o»i^ff2j&£-r.5 

[ 0 0 4 7 ] 

<h*K#LT£5£&#!ftT-;fcfttf, #Md|ig£ £ ft /«£ Vn„ ^cOjI-ffrfjajirLTW:. Sit LT 

li j|? U 7 y ft tf = y r v , iKDf h77*tPi?i/>, i/y • 7*^v?iv^a, -f so 
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* v *k y if x ;>> 7 /i/ 3 — /u ^ ft * * — ^ , yv^ft**-^, 4 btlZ> 

[ 0 0 4 8 ] 

BMfc . V ^ V a ^ y ^ /is « ttfc 4b , y^^A^v^v^is^^ft^^oy^^A^ io 
= ^^^/i-h^t>^>^>^^®«n/cS#^S^^^^^fb^. SO 5 ^^?)^! 

[ 0 0 4 9 ] 
[ 0 0 5 0 ] 

[ 0 0 5 1 ] 30 

£ , m t& <r> J& K o V» T te: 1^ PI ^ £ T , f — h mfli & TJ* 1? ^ — ^ £ ^ x >f 9 W: 
^ b 7t v- y > ^ — Z 4 ? ^ s< u y MftHt;t^u- ^Sr^a^^^^rfc^v^^ K7 ? h 

bB -e fc ^ o 

[ 0 0 5 2 ] 

[ m m m ] 

V /u - 2 - ^ f/i/^yf y^gSSI] 

a — K^V1f>-<Dtt;btUc. l-a-K-2-7<^/u^>'1f:/£m^cJ^*H:i:, J. Or 40 
ganometal 1 ic. , 118, 349 (1976) (^Ei^) v'^ o^^rv'/U 
^^-tf^^SigffiKSpCTffV^ 1 - -> ^ o ^ 3r ■>> - 2 - ^ f /UKyf y^f f Co £ 
, IrI i£ > v/^ D-<yf ;u/p ^ K, v/^ n^^f /u^n ^ K$:ffl^t, 1 - > ^ n xi> 

— 2— ^^-/U^v-gv, l-i/^n^^ p ^/W-2-^^/W-<>'-^>'$r#fCo 
[ 0 0 5 3 ] 

[ l - > ^ d ^ >> - 2 - 

y /U 7^ 4; ^ tf> ft fc> 9 ^ ^ a 3f 1? V £r ffl /c £Jt ^ » . J . O r g a n o m e t a 1 1 
ic Chem. , 469 (2) , 221 (1994) ffi««) * S (: ? C t , 1 - 

g. Synth. , II, 295 (1943) Cffif ft C t 7 ^ g 7 7 50 
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2 - ^ n n^yif^Sria^Lfco 
[ 0 0 5 4 ] 
(jE«<Otfs») 

rtffi«HTLiCo0 2 (02Mt*l3i6tt«. C5) 8 5a*%fc*-#vy5y 
ft ^ tt Si , iS p n p £ K F - 1 0 0 0 ) 9fifi%SriD^)S^U, N-^^/P-2-t: 0 ny K> 

[ 0 0 5 5 ] 

X^|fiItfftC$Dft5*S^® (002) dl^ o . 3 3 6 n m , B^^^-fX (Lc) & s 

2 6 4 n m , 0C # * 0 . O 4 ft A % . U - If - • «aifeia 5 ^ 1 7 M m 

, BETSJt$Bad s 8. 9m 2 / g , T^^y ^ V ^ f - ffl fc 7 v y 7 ^ 

K ft #f K *5 I* 1 5 8 0—1 6 20 cm"* 1 CD ® H <D\l 0 — ^ P A (* tf. — ^ 3ft ft I A ) 26. 

1 3 5 0 ~ 1 370cm~ 1 <DmW<Ol?—?P' B (fc o -^5S«I B ) C0^SitR=I B 
/ I A & 0 . 15, 1 5 8 0 - 1 6 2 0 cm. ! - ^ (^^ f (I* 2 2. 2cm 

AiaSSitJ^ ( ^ < A ;*/ M . F§ p n p £ K S - 4 4 ) 9 4 li%i:Ig*t*» 

S^tfc^f Uy-T'^^xyrfi, (SBR). ( 0 * i? V tfc fiL K&4BM4 0 0 B) 
SrB«»t 6 11% i: 4 5 i 9 iciDx., v***'* — if — -Cfi-frL, x 7 !1 -ft If; t 
£ AS Mm&X* 3b Z> m £ 1 8 /ira(Daill:^I-[:i*l v ft; # 'ft , Eg 1 2 . SmraW 

n«tt*cir%si^-c«s«:fts«i,:ftsi: itj^fc. 

[ 0 0 5 6 ] 

_hiStf> jES*5 J: tfAS. «•^^^J^c^:t/^it^0iJ^cl5*omft?^g^ffiv^T. IES3im#4r 

Sr. I&liffl co # ^ hSr^ttj&a«>t«»U. =» >f >v Sr,f^iS b „ 
[ 0 0 5 7 ] 

( =1 j yit/^ia ■ mm) ' 

2 5x:\£&\,*x % jtmmitnm 4 . 2 v % tkm^it mj± 3 . ov, o. 5mA^i«tM 

*>T*/i'a5*«K*«:fTV^ 5mAt*5t^^/H(7)X3KlSrfTofcS, SSJElttit 

rOn^V^-fe/U^8 5 < t:T*7 2^P^^#U. * 65 « % £fc ® £ ( 6 ^ >f ^ ^ B ) % & ^ 
5 m A T*7 f ^ ^^B<^^«&tf»«S:fTfrofc 0 : 7 f ^ ^ /u S ^ftlgf ^ 5 t 

£r ^ L T . rtgP(Olg?r^ ^ ttl ~ & co ir ^ — ^ — O BB ^ 5> , _ t a° u~ ^ - . 

AS-i^u— * — ic#«tL, * <o&iEm t ± '< is — * - ^ t<j gt l . jEfefsmnrnm ±<d 

[ 0 0 5 8 ] 

BS, SijW3^yit;u?:^ilc<fgL^ 2 5 t K: *5 <^ T , jfe m lk S JE 4 . 2V 
. tt«»Jh«BE3. 0 V T* 0 . 5mA^lgf4f ^^/U^ftip:i^}T^ % 5 mA T* 5 

ii^^®5tem^^^fi$r i o o % t it, ^tfx'i 7 o % # m ^ * ^ s& n ( ;£ m 

« 1 7 0 %) *-CS3fc«S:fifW -t<0l*tf>«jE«:»j£L*: o 4 . '2 Vftitt J 4 . 2V 
l-iSV^**ff4 U^r i^b, 4. 5 0 V*i^A, 4. 50V^_h4. 6 0 V*«SrB 
. 4. 6 0 VK14. 7 0 V*i^C, 4. 7 0 V « ± ^ D ^ flj ^ L t 0 
[ 0 0 5 9 ] 

^^uy;*/-7tf-*-h (EC) i — h (DEC) ^liltt'l : 1 lz 
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^ ( L i P F 6 ) «:8|Htl*^/!)y F;KD»^t8»L, lie 1 - i/^ u^^i/ 
( V C ) ^2li%Offl^tg(SLTl«f«:ill, ±SW*S(Ct 

[ 0 0 6 0 ] 

Ii^J2 

1 - is ? u ^ ^ ;V - 2 - 7;Pt P ^Vf V Oftt) \Z 1 — ^ n^^v^/U- 2 - ^ ^ /U 
K b % W ffi % f? ft o fc 0 10 
1 -^^n^^->ylx-2-y r /U^-a^<>if>'^)^^> , 9(-l - '> ^ D - 2 - ^ n P 

Mb, f¥ « £ ?T ft o 0 
[ 0 0 6 1 ] 

mmm 4 

l — is ? u ^ 5- ;u — 2 - 7;utn^y-^y(Oftt?*) i — ft? v ^< is ^ /u — 2 — :7 
p^yf y^2li%^)|i|^t^«Ltr ^K^i^Ifti 1 ^[^lic lt^^ yst/^ 

® b , f¥ ffi £: f? ft O „ 

[ 0 0 6 2 ] 20 

J£lR0iJ 1 

^^u>-^-7K^-h^^^^^^-7K^-h^^fi4it^i : 1 \z ^ b m m \C , L 

i PF 6 3/ F/^a^tSdfl, JE t° :r. 1/ > # — tK ^ — h^SiM^tl 

[ 0 0 6 3 ] 

Jfc IK #J 2 

xf-uy^-jj?^^ h i v?if - h tiliikt 1 : 1 \Z K & b fc i§ t£ „ L 

i pf 6 ^ri^e/u/y y h;v^||^tSi!f L, S^tr^^^/i.^e^u^^-^^-h^ 
IIS^(:^L^tif n2lI%o||^t^«LtiItfci«i^ffi^fcr 30 

W 1 t l^it LT3^ yit/i/^f^KL, l¥ ffi £r ft o 1t 0 

[ 0 0 6 4 ] 
Jfc « 01 3 

xfi/y*-j|?^- h t i^xf h iSrliitt 1 : 1 f: ^ b jg jSE C L 

i PF 6 Jrl^e/u/y 3, h/K^«^T*»)»L, II: i/^ d A^v/;Myf y ^ - i/y^, 

^K^|j:Il^J 1 «!: PSIc Lt ySt/u^ftSt, W ffi Sr fr ft o 0 
[ 0 0 6 5 ] 
5 

y - -f u =7 9 h > (GBL) ^g«HT, L i PF 6 i^h^^/u^ntf^gfey?-* 40 
A ( L i B F 4 ) S: -t ft ft 0 . 5^;i//9 y h I, JEfcll-v'^P^* 

*s >v - 2 - 7;^n-iyf yi: i^xi/y^ - tff * — h t nfixDStlcM I 2 11% 

SrfEM b. ffpflBSrffft ofc. 

[ 0 0 6 6 ] 
Jt«« 4 

7-^^^^^ hV£:*§^£bT, L i PF 6 t L i B F 4 §r ft ft 0 . 5^e/u/y ^ 
h;KO*I^T-S*¥L, \? 7 ~ t \f ~ is is ij — ^ — F^i#«i:»L2il%© 

»J^^**bT8Bll{bfeS«»*ffli^fcr^£JL^fi||JSCfU 1 iPliCU^yft;^ 
» b . » ffi ft- ?t ft o fc o 50 
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